We present the results of a spectroscopic investigation of CuC12 vapour obtained from laser induced fluorescence recorded by Fourier transform spectrometry, and give preliminary spectroscopic constants for the 211u and 211g states of C U~~C I~.
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Introduction
Since it was discovered that the reaction of heated copper with C12 in the presence of 0 2 ('Ag) produces a bright red flame, there has been interest in this system as a potential chemically pumped visible laser. The emitting species has been identified as the 211u state of CuC12 /I/, and the red emission ascribed to the 211u -211, msition. There were no high resolution experimental data available in the literahue for CuC12, although high quality ab initio calculations have been performed recently which include both ligand field and spin orbit splittings in the electronic states of CuC12 derived from the Cu 3d atom Dl, so we set out to derive reliable spectroscopic constants for the lowlying electronic states with a view to refining this assignment, and to understanding the reaction mechanisms and reaction rates involved in the chemiluminescence.
Obtaining high resolution spectra of CuC12 proved difficult. We wanted to work at about 700 O C to guarantee a reasonable vapour pressure of CuC12, but the molecule tends to reduce to CuCl + 112 Clz on heating -and CuCl is known to form a stable, cyclic trimer in the gas phase. Even when CuC12 is isolated, its spectrum is complicated by the presence of two isotopes of Cu and of C1. Because both the absorption and the chemiluminescent emission spectra were too congested to allow us to attempt a full analysis, we studied gaseous CuC12 by laser induced fluorescence, recording the emission on a Fourier transform spectrometer. We could thus populate a single level of the excited state, and study a much simpler emission spectrum.
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To discover whether or not CuC12 was likely to produce a chemical laser, we went on to measure the lifetime of the excited state involved in the laser induced fluorescence experiment. A priori, visible laser action seems unlikely, as it will be difficult to maintain a pupulation inversion from the ground state of CuC12. even though the lower level can be chosen to b, a thermally unpopulated vikzb.nal level. Although attempts to reproduce the reported M laser oscillation at 700 nm have faikxi, Be= is still a second candidate for laser action : the inffared transihi:? ?2~und 1.2 pm.
We produced CuC1.t for absorption, laser induced fluorescence and lifetime measurements in a sealed quartz cell, containing 10 mg CuC12 powder plus a few ton Cl2 to drive the equilibrium CuC12 + CuCl + I n C12 to the left. The cell was maintained at 700°C. The absorption and laser induced fluorescence spectra were recorded on a Bomem Fourier transform spectrometer in the infrared (around 1.2 pm) on an InGaAs detector, and in the visiblelnear infrared on a silicon avalanche detector. Fluorescence was excited by a series of laser frequencies around 15500 cm-l from a cw single mode X M ring dye laser (Spectra Physics 380) and by the red lines of a Kr+ laser.
The radiative lifetime of the 211u state of CuC12 was measured by detecting the decay of fluorescence at 700 nm after excitation by a pulsed laser source. We excited CuC12 with DCM (1 =635 nm) pumped by a copper vapour laser (repetition rate 6 kHz) and found a lifetime of 90 ns for the 211u state.
To record the chemiluminescence associated with the reaction between heated copper and chlorine in the presence of 02 ('Ag), we used a microwave discharge to produce 02 (' A,), which was mixed with C12 and allowed to react with hot Cu metal, as an alternative to the cumbersome setup required to produce @(I$) in a chemical reaction 141. This arrangement yielded lower concentrations of 0 2 ('A,), and thus weaker emission, but produced stable emission for about 2 hours, which was far more satisfactory for the Fourier transform spectrometer than the shorter run times achieved with the chemical generator of 02 (I$). Spectra were again recarded by Fourier transform specmmeay.
Results
The spectra we obtained are illustrated in figures (1) and (2). The standard deviation of the fit was 0.008 cm-I. 
l=lOcm)
The most saiking feature is the similarity between the three IR spectra. Analysis of the laser induced fluorescence specm revealed that the upper state was 211u -and we expected to see a similar discrete system, with P, Q and R branches in the infrared, corresponding to the 211u -2~g system (predicted by ab initio calculations to lie around 8000 cm-1). Instead of this, we obtained a spectrum closely resembling the 2~g -211g system seen in absorption. At present, we suspect that the 211u state of CuCl2 returns to the lower lying 2Ag state by a non-radiative process, perhaps by collision with CuC12 in the qg state, or by predissociation followed by recombination of excited fragments. These processes explain the relatively short lifetime of the 211, state, (90 ns), and reduce the chances of being able to produce a chemical visible laser. This observation fits with several experimental failures to obtain laser action from the chemical reaction. However, it may be possible to produce laser action in CuC12 by optical pumping: investigations are in progress.
As regards the chemiluminescence from the reaction between copper and chlorine in the presence of 02 ('Ag), it would seem that the singlet oxygen excites the CuC12 molecule to the 211u state by energy transfer during successive collisions. The first step populates (slightly selectively -as we observe some structure in the infrared chemiluminescence) the 2Ag state, and the second step promotes CuC1.2 to the 211u state, which apparently re-emits preferentially to the 2rIg state, giving the characteristic red emission first observed by Yoshida
We have attributed the visible and infrared luminescence observed in the Cu + C12 + 02 (lAg) reaction to the 211u -211g and 2~g -211g systems in CuC12. We have used laser techniques in spectroscopy to obtain preliminary constants for the 211u and 211g states of Cu35C12, and to measure the lifetime of the 211u state. From our observations, we deduce that CuC12 is unlikely to become a visible chemically pumped laser.
